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(54) CONTROL DEVICE AND METHOD USING SUCCESSIVE APPROXIMATION ALGORITHM AND 
RECORDING MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a control device and a control 
method using successive approximation algorithm having high 
convergence. 

SOLUTION: The control method is provided with a step (a) for providing 
the m-th (m is a positive integer including 0) order approximate solution 

xi(m) of a function F (x1 f x2 xk)=0 consisting of k (k>1, k is an integer) 

variables, a step (b) for finding out a residual F (x1(m)) of the m-th order 
approximate solution xi(m), a step (c) for finding out a correction value 8 
xi(0) for the m-th order approximate solution xi(m) on the basis the 
residual F(x1(m)), and a step (d) for finding out an unsettled coefficient a 
i for making a residual F(x1(m+1)) of an (m+1)th order approximate 
solution xi(m+1) zero. The method is provided also with a step (e) for 
finding out a re-corrected value Sxi(m) on the basis of the correction 
value 8xi(0) and the unsettled coefficient ai and a step (f) for finding out 
a converged solution as the (m+1)th order approximate solution xi(m+1) 
on the basis of the re-corrected value 8xi(m). 
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(54) [2B9§<Z>=frfr] «^E«»tt7^UXAftfflV»fc«l««» «ffl!^*«fct^4ittEfr 



(57) [£»] 

[iis] JoaEiioss v ^Xia<ft»a r * =f ■ j x a * m 
m&^m (a) k (k^i, kimm ®<om&. 

frb%2>m%LF (xi , x 2 -xk ) =0Om (ml±0 
* ^tr jEOSEft) *OjS<WB (xi "" 1 ) SrJttti-* 
*7-v7t, (b) tWEm^oaffiUB (xi lni ' ) \z 
■9V»T<MB6 (F (x i "" ' ) ) £*a6*x-r-yX 
(c) lfflSEBUi (F ( Xi ' "" ) ) ic^o'v^r, 
HfTKm^OififtWS (x ■ ' *"' ) ICiti-SfliEtt (5 x 
i ' " ' ) <r**4*T-y/fc, (d) (m+l)&<*> 

mm (x i "" + 1 • ) mm (f 

(xi "" + 1 ' ) ) *4fni;l-*fcie>05fe£(£ft (« 
i ) ^*4Xf (e) BuK^iEfl (ixi 

' 0 ' ) toXimWL&fe&lk U i ) i:io\>t, 
jEflt(*xi ' - 1 ) «*Wf7yt> (f) milS 
SttiEfil Uxi ) tc£oVT, HtffE (m+1) 

(x , ' " * 1 '■ ) t Lxqm.WZ*ibZ>x 
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(2) 

1 

(a) k (kSK kimm m<r>$m. 

frbt£Z>W&.F (x. , xs --xk ) =0<7)m (m(±0 
*-&-trlOSEft) *«>i£fl*» (xi ' " ) 
Xt- y -ft. (b) «WBm*Wi£ttU» (x« ' m ' ) 
KWCOSBS (F (xi ) ) ***4Xf?y 
>, (c) ffin&tS (F (xi " ■ ) ) U*cf^ 
T, SHEm^ffiftOff (xi ) U*rt-*flfiElt 

(oxi ' " ) 4-jR*t»^X-r (d) (m + 
1 ) *Oi£UWP (xi ) OAS (F (x i 10 

' " ' 1 ' ) ) **nj;i-4fc»o*^ft U i ) £ 
^Wf^t, (e) ffirEfifiEffi (5 
xi " ' ) i5itriE*S«K (« i ) t-»o*v>T, 
SflEIEttUxi •■' ) fc**!>4X7-y? , 4:, (f) 
mffBW£E1! Uxi ' "' ' ) JC&oVT, hTjIB (m 

+ 1 ) *&sam (x i ' ■ + 1 ' ) t l-cjrjw!!** 

WXf^t *1»x.3t3^£ia»ftT ;U 3'>J XA £ffl 

ASrfflv^«J«l^i£lc45V»r, 20 
fltrie (m+ 1 ) -**>i£flM? (x i ( " + 1 1 ) £mjKm 
>k<omm (x i ' m 1 ) k Lr, mfffi (a) *»f> 

(f) V^tL&WZT v/ZMk*) &LX (m+2) ^ 
OfiflAIBSr*** * 7" (L 1 ) *«x.fc&-*i£GIUi* 

im*m 3 ] is*« 2 Km<omti&®M&7 * =? 1 ) x 

tte (a) (f) 

Tmite (m+2) ^Ojfiflai*****;*^?:/ (LI) 

i±, b^FbI (t) rktc^o (L2) m>kmmmr>v=r 30 

[If *S 4 ] ffi«£ 1 *» 3 Ov>f it7Wcf£ftO&#; 

ir£ttfto&»o*ft^iirfci;:, mfie (a) *»e> 
( f ) ofiifitroxT * x=Ht o M'kmm&r * =f 

[lfi*«5] fflfttgl ^<b3 0^-fit^tcKfcc7)il^ 40 
i5«7Jl/3-') XA Srfflv^»J«l*ffiUlSV»T» 
«HEj£«»**i«>4Wftt LTWMES»«±, SSI, » 
2<7>^Sfc£^ 

miiegi 2 <o&»ci, milSSf 1 ogSfcUflfffl-* 8MB t £ 
it, 

H5B5^2 0^&(Cov>T(±BtrlB (a) frb (f) <3*ft 

■riicoxx y xsrfH :ti<, Huiesi 1 ofe&uov* 

TbuI2 (a) a»<b (f) <^ft-F;ft.«DX-ryX£-fir TjI 
t ;b =f >; X a fcffl v »^iWHtp*So 
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ISB#£ 7 ] 1 6 owriuHcEfto&fc 

tfHESflSEil (ox; ) (±, mflS (m+ 1) *0 

ifiteis? (x i • - + ' • ) izttt-ifciEm Uxi 

Wt*iS8 ] W*« 1 7 O^-f fuMcGftO&fc 

HufE^iEfi (S x i ' 0 ' ) ^^Xf^li, mJK 
5$S (F (xi * ™ 1 ) ) lUfc*<*fl*g**fc(i« 

[is*ji 9 ] i j6» <b s cD^-rM-iztm^m^k 
i&«S7 ;u xa im^^mm^mza ^x, 

*WB*SC«» (a i ) l±, f£*5gfSffc (a ■ ) &fflV»T 

^tbbixtzmiMmim. is*-, ' m ' ) izm^xm 

tbbiitzttft (m+1) ^OffiftUB (x . + 1 ' ) 
<vmmm (F (x i 1 ■ + 1 ' ) ) icov^tco/;ua 
( 2 *f0) S: -tf o ui" 4 ffiT"* « jS^J5ftlft?ftT ^ ^ 'J 
XA^ffl^^fUffli^rffio 

[SS*JH l 0 ] miffi ifrb9 <n^-?i\fr\zWM<r>m 

>k&Mm&T fr**) zj**m^tzumni£\z$}^x, 

So 

ffi&T )l<^) XA ^v>/:|«m 

mim 1 2 1 i frb 1 1 ©v»rtt^i;E»© 
j&wmr k ^'v xa v»fc«iw*ffi„ 

[SB*Jg 1 3 ] IS*JI 1 jJ> <b 1 2 *>v»-rii*»KK«0 

is^i5»ST^3-'j xa ^ffl ^tzmmumza^x, 

' ' 1 CO (i=0~m-l) Oi|gftSrfflv»4ik{CJ:o 
T**-5 il^J5ft«»ST ^ XA Srffl v»fcftU»*ifc 0 
[lfi^« 1 4 ] ffi$Jg 1 * b 1 3 o^-ra^tctsifeo 

iS^(ftl?j£T )U n*>j X A ^ »T, 

flffK^F (xi, xa -Xk ) =0<7>mjEm^:cO£ffil 
(xi ) iSfttiXf^yii, m=0?)ti 

[8B*3©1 5] (a) k (k£l, kli^) fiO^ 
Sc*»?>«:4ISaF (xi, X2 ■••xt ) =0Om (mli 
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Z>*TV-ft. (b) Huffim^iOJSittS? 
(x ■ ' ■ ' ) i:ov>T^f (F (x i 1 m ' ) ) £ 

(c) Mfe^ (F 
(xi " • ) ) IZSoV-C, fflEm^ificftUII (xi 
m ) U*tt-4«EjEtt Uxi " ) i**Wf 

(d) (m+i) ike>&nm (x i 
■ - + 1 ) omm (f (x i ■»*•■)) hdi: 

(e) huEHIIBI (oxi " • ) isiLMtiK*^ 10 

i64X^y:7\ iiitF (f) mimBJEW. (S x , 
' - ' ) (c^oV-c, fltjIS (m+1) ^coifiittfj? (xi 
' ■ + 1 ' ) t Lrqmmz^tb&XTv ?V)> 

ituE (a) frh (f) (DtiX^fiVCDTsy-y ^^^ti 
- ? (c^fr tztKO-fu {Ty A £E£i L£ ^ > fcf a. 

[a»*jfi 1 6 ] i 5 EfOtwEaa&tei-fc^-c, 
mrie ( m + 1) -knmxm u , ■ ra + 1 ' ) *iEm 20 

^©iSfflUB (x i 1 '" ' ) t Lt, mfE (a) *»<b 

(f) C04;iV-FiX<7)*f- y -f^J-) il L X (m+2) 

4 SOWS**** <i4ffiS«flEo 
[M*£ 1 7 ] |»*« 1 6 KfcOEfSaRflsKiiviT, 

siuE (a) (f) <nZiT.-?ti<DX7-7ZfZm*)i&L 
TfuE (m+2) ^OfiiEl»4r**!)«X-r ?~f (LI) 
B#Ffl (t) r^H^S-fr* (L 
2) grort§j» f $iix*iEf*«flN, 30 

1 8 ] |ff$£ 15H17 ©v»rft*»»=E« 
wEii&ttl-fc^T, 

utEffitaoSE&o-tft-Piirtu, Htrfs (a) *<b 

( f ) (VZixWMDXf izmfZ-it 

[It*^l 9] IMfcgl 5^<bl 7©v»fii*i:Ell 40 
WEili&ffclcfc^T, 

ItifEEft&ftlcEiSSnfcTttrE^n a 

ME8 2 oaeftli, AMES 1 n&mzimi- zrm t £ 
it, 

«rE*2 0SE&(co»,»T(±«rE (a) 
ri»<b (f) <n-tix-¥ix<DX7-v7&3£l7Z-iti>Z£te 
<> hIjE^IW^UcICo^ThIjE (a) (f) <D'c 
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2 o ] m-sm 1 9 &me>ummmzi=\,*x, 

ft, 

lKTESS 2^a>U, wfESE^jl S*« A* S ft 4E 
[»*«2 1 ] ift$Jg 15H2 0«v»fii*i:ffi* 

n&mmmz&^x. 

mmifmfc i * eh s ft ?t hue 7 n 7 a 1 ; i * , 

tffEIWJHEffi (d x i ' m ' ) (i, huE (m+ l ) 

mxm (x i " n + 1 • ) iz«+*«EjEtt Uxi 

£ft-Cv>4EitJ&1&, 

[If*:® 2 2 ] If I5*t>2i co^-fft^KEtt 

iftEEIt&ftKEfl? iifcHWE^n 7=yU \Z ti, 
HuE^iEfll (5 x i ' 0 ' ) *##4*-r-y:/H\ fluE 

(f (xi * - • ) ) izm-o- cfcid-mmtfcim 

IW*^ 2 3 ] ffi$£ 15*>f)2 2 OV»i* <1*»ICE* 
WE^<ift:(C±3V^T, 

fflTCEiMHtKieft ^ it*: buEt'd ^7 A u (i, 
«5E*5e«» (« i ) l±, (« i ) ^fflv>T 

*ft<bfLfcfflESflEjEtt Uxi 1 m } ) izm^x* 
tbhixtzm?. (m+1) #.<omMl (xi « " + 1 1 ) 

vffi&nm. (f (xi ,m + " )) \z^x<dj 

( 2 *?D) S:4f n IZ^&MX&Z Z. t */7tf-^i«ft 
iW^it-Cv^Efi^^o 

[W*3!S 2 4 ] If 15*^2 3 CO v^-f^^tCE® 
coEli^ftCJsv^T, 

liirEEfliRlfct-Eit ? fttz irE^n ^7 a tc i±, 
«fE*Sg«» («i ) «K)Wf^li, 3Efl-Watw 
«t »? **!>4 Z Sr^-f-f- ^3i«t&W$nTv»4iEfiaK 

lit *S 2 5 ] aff$£ I5*f>2 4 ov>fni»i:ffii 
lOTEEiW*»UE»$iifcimEro a (cfcv^r, 

«rE»m±, BuEiamfuco^ouj; nuziizmm 

[ffi*Jl 2 6 ] If *JS 1 5 frh 2 5 Ov»-Tix^UEtt 
<7)Eil^-e*oT, 

coEfl^fti-fcw^T, 

mTES^iEfi^^^^^-yyii, «re«EiEffid x , 



(4) 

5 

" ' ' <D (i=0-m-l) V>moim t^CttC X o 

wsusmmm-?zm2iitzimz-7v x^ ii;<4, 

HiriS&a&F (xi , X2 -Xk ) = 0 (DmZm&W&U 
M (xi ■■' ) fctftWT'&XT-yXUiS^-C, m=0 

Isl*S2 9] (a) k (k^l, k (4Slft) fi©3E 10 
ft^fc&IISIftF (xi , X2 — x k ) =0<Om (m(4 
0 Sr^tnE^Sgft) >X<OiiUm (xi ' ■ ' ) Srtttt-T 
&^&t, (b) BuKm^iSftlSI (x i ) IZ 

^Xomm. (F (x i ' ■ ' ) ) fc****®*:, 

(c) tireesfcg (f (xi • m ' ) ) u*ovt, hu 
mm^mxm Ui "" ) ui*-r*flSEfs (a x i 

' 0 ' ) (d) (m+l) #:<r>&W 

m (x i ,m + 1 1 ) <7?%M (f (x i ' ■ + 1 ' ) ) 

(e) rnmmm (hi ( 0 ' ) jsitmM&fceft 20 

ft (a i ) tC»oVT, HUEEffi (* x i 4 "" ) 

(f) MIEIf^iEffi Uxi ( 1 ) ^ 

»ovr, mm (m+D **>is«j* 
(xi ' m + 1 ' ) t LxmLf&z^ft&^&tzmz. 

3 0 ] IS^fl 2 9 E*tf>S*iS<R»i2:T * 3" 

mfffi (m.+ 1 ) <k<D&vm ( x • "" + 1 ' ) * MUm 
^ffiffiWB (x i ( m ' ) t Lt, Sirf2 (a) ^<b 

(f) (DZiX&W^&LWmt&m'OMLT (m+2) 30 
^Oj£ftH»S:**4^S (LI) *«&fcS%itEttUff& 

[IS*® 3 1 ] IS*« 2 9 * (4 3 0 ICfeiSOS&fcJS 
«ffiT^rr>; Xi £fflv^$IJfflJf£MlC±;v>-C, 
flffiS (a) (f) <D%i\-?fi\<D^WL<7>mftimt) : & 

LTfljfE (m+2) ^i£ffiUilS-***#a: (LI) O 
»f**rll»W (t) rfct:ffto*«*R (L2) 

\mm. 3 2 1 mim 29^^31 ©v»riuj»(=e« 

coS^ifiia^T^^'J Xi SrffiufcWfflilfiKisv* 40 
T, 

miiE1«ft<^ftl4, Sv>Cft2LtM^f* ') , 
StrfSffiftOlEftW-g-il^irttC, fltflfi (a) ^<b 
( f ) o>*i\?tuoz£WL<r>imiiH 

[B?*Jl 3 3 ] SB*3S 2 9*^3 1 <0v >-rn^lc|E® 

fx 50 
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mzmxmz**>z>tt$.t Lx^mm^mt. mi, m 

2«fS^^, 

mzm 2 w^ftii, «ifE* 1 <r>mk\zm*-tz> rm t $ 

it, 

mum2<Dmmz^ximti (a) (f) o-hx 
tco^-cMie (a) (f) w-e-ii-piiw^eo»ft 

£^=b**S^mflia,r ^=T'J Xi fcffl^fcWffliS 

So 

3 4 ] 3 3 9ffi<VM%.mm&: T )U =f 

u xi im^tzfflwgimzis^x. 

mi® 1 W^ftt LT, SlE«:(zaiira$n*E** r A*& 

<u 

Huf2»2<75^fti: LT, Ifriev/f^jlS^A^^^^S 

[fll*JR3 5] f8*Jl2 9 #> £> 3 4 Owj*fttf»l=ett 
WS^iaWaT^n- 1 ; Xi *fflv^lW»IHElc*sv^ 
T> 

luieff^jEfi (5 x i ' - 1 ) 14, mrfE (m+ 1) 
ffittUB (x i 1 m + 1 1 ) tc*N-&fl£Efi (a x i 
( 0 * ) ZJ£a\z-fZ>m.X-$>2>m%&WMmT>l>^)X 

[fflf#Jg3 6] W*J12 9^<b 3 5 WV^ritaSMCgEtt 

T, 

ttTE^IEffi (5 xi 1 c ' 1 ) £##>£¥JfS:!i, mflEmU 
(F (xi ,m) ) ) 4 

e**»< zt[z£t)#tb2>M%.&mmT)v=f>) xi 

[M*JR 3 7 ] lS*]fi 2 9 *» <b 3 6 Ov>i*it^(CEtt 
<73il^i5»ST^^'J Xi «rfflv^lH!HipilBUi3v> 
T, 

«rE*SE#» (a i ) 14, K*7Efiift (a , ) ift^X 

Mftbiifzmmmmm (* Xi <,n, ) i:*o-v^* 

*f>^/cflfrie (m+ 1) ^<OiS«UB (x i ' + 1 1 ) 
OmffB^H (F (x i "" + 1 ' ) ) Uov>-c<£>y;ui 

( 2 ma) «r-tf n Ui"*«i-C* 43&5*:i£«U!l&T * 
Xi^ffl^/:»gt„ 

[IB*JS 3 8 ] 2 9*ib3 7 WV»i"<t*UE<R 

<7?il^5»ST )^'JXi*fflv ^iWiaiiHEJcds v > 
T, 

mJE*^ft (a i ) £*4i>*¥4£l4, JEfl-SGacciO 
*A4«*ifi«U»ftr U Xi Srffl^fcftUWSEo 

3 9 ] ffl|*Jg 2 9^<b38 (D^-fixtiHZtm 
0>&&j&.WmT to =f') Xi Srffl v »3t«U»S6E t-is^ 
T, 

Wftr ;v =f ') Xi *ffl v»fc«H»»1Eo 
[li5*Jg4 0 ] M5RJI2 9 frh 3 9 <7)^-f^^U8S© 



I 



[IB*JI4 1 ] 2 9*'f>4 0 (D^-TMHZtm 

"C, 

<D ( i = 0-m- 1) (Di&mim^&Z- tiCioT*«6 

<vm$.mm& r * * y x s- ffl ^ £ mmsib i c a v » 

mJEIWifcF (xi , x 2 -x k ) = 0 OUtrEm^^ 
ft? (xi "" ' ) m=0Ot§(7?Hfr 
Em^iSflfili Lt, WWffl*tt{tt1-^iS^5ft).ftf?£ 
7)^'J XA^fflv^^SiJffliSeo 

[0 0 0 1 1 

x a ^ffl ^tzmw&w. um-ft&is <t 20 
4 a^dSftUBftr >i<=r>)x^zm ^tzmmmi. mws 

[0 0 0 2] 

)V^)XMZH^X, jS-^d5(aft¥i£OJRmi4lS]±(±, iS 

[0003] ^mm^mmmta, m*%mmmm 30 

[0 0 0 4] SlJffllit^O^S^^^-^Oft??:***^ 

ft?W^'llil(c^oTv^ 0 

[0 0 0 5] ]|Xmtt^»itiv^^i£fftft?feT^rryXA* 
fflv»fc«|»*i£wtitt*^I*iiTv»4o 40 

[0 0 0 6] ±!EO*fl|UtE*r*$<rfc4 

[0 0 0 7] 

}\,zf>)XL.Zm^tzi&mi3mi> (a) k (k>l, k 

iisaa) m<D$m.frh m%. f ( x > , X2 - Xk ) 

= 0<7)m (ml±0*#tfiEoaPjK) ^0>j£ftUft (x i 

"" ' ) Zmi&rz>*7-V?t. (b) HtKm^SM 50 
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ft? (x i — ' ) tcov»TO»H (F (x i - ■ ) ) 
£#<6&7.-r->'7'i:, (c) (F 

(xi ' '" ) ) uafrsftvc, mfKm^aiaft? (x i 
) tciti-^^IEfi (dx, M ) £#i6&*x 
y/t, (d) (m+1) *©i£{R» 

(x i ■ * 1 ) (Wm (F (x 1 - * 1 ) ) £ 
MU\Z-tZ,tzt>?>Jm.%%L (a;) ^*<65Xf7^ 

t, (e) mmmm (dx, • * • ) isitwE^se 

x-yrk, (f) mzmmm (s 
x i • ■ 1 ) u&o'^t, fltrte (m+ 1 ) *<oa)s 

ix.tv>4„ 33§9§Ui3v>-tliffE (c) <D7.f-v7i* 

[0008] ^^wil-^ifimft¥i£T ;u =ry xa v» 
fc»J»*i£«4, huIB (m+i) >k<r>mxm (xi 

1 + 1 ' ) SrfltffBm^OfflftUB (x , "" 1 ) tL 
T, HUE (a) (f ) W-?-ii-f^f7^11) 
SLT (m+2) ^WiSflaJB****^^^^ (LI) 

[0 0 0 9] *ISW03*i£fl3U»i£r * =f>) XA ^ffl 
fcftOIW^ftll, Itlie (a) frh (f) <7)fii?iuDXf 
-y^^^jSLTrnffe (m+2) ifcOiSffiUB***** 
f'^ (LI) (4, BfFal (t) rtCffi (L2) 4<0 

[0 0 10] *%W<VM'k&Mffi&T >^3'') xi+zm^ 
(a) (f) <7?^-^^tc7)Xf-7 7 B 4- ; }f d iOT* 

[ooii] &§&w<nm&miffi&T )u=fi) x^zm^ 
mrie^sscii, m, » 2 muG2o>m&. 

SE»tcov^T(iiWE (a) frb (f) wfnf'JiOXf 
(a) frh (f) W^lf^^f y^ffHOT* 
[0 0 12] *f§B^tOiS^i£ittft?-ffiT^n*y Xiiffl^ 

[0 0 13] ^ISBJ<7)il^i£»ST;U3'yXA^fflv> 
fciWISi^ttlcisv^T, mffiHUEiEffi (ixi ' "" ) 
14, HUE (m+1) ^fiftlfB (xi "" + 1 ' ) iZtt 
■t&l&XM (<Jxi ' " ' ) 4--t*nui-^ftT**4c 

looi4] ^mnM'Xmxffi&Tfr^f') XA%m^ 
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ibhXT-v-fit. mmm. (f ( x , ,n ) > \zm& 

[0 0 15] ^ISWOil^dSftUiliST^rf'jXASrfflv* 

- • ) uifcc^-cfca&iifcittE (m+i) >k<omx 
sdi • + 1 ) onjffism (f 

(xi ''" + 1 ) ) ICO^-CO^^A (2**0) Sr-tf 
ntci-^ftT-^Sc 10 

[0 0 16] *&W0>8$z&Vm&TA>=f*)Xl*im^ 
rt:ffl#|#ttU*v»-C, mfie*^Sc («■ ) 

[0 0 17] *:|fes^<75il-^:iafttffiiT^3* , JX/s^fflV'> 
[0 0 18] ^H^OS^flifffST^rfVXA^fflv* 

[0019] *§£w<v^i"ii^z$m<D&^mm&T 20 

*#>£.x-r -^n*. Buf5flOE{i<J x ; 111 «0 (i=0 
-m-1) OigfD^fflv^^i:(Cj;oT**4*)<0-C* 

[0020] *%me>^-?i-i-friz?effi.<n&%&i&.m&T 

1 , X2 -xk ) = 0 OmlfBm^cOifi^SI 
(xi ( ' ) *-r ? 7W\ m=0<75t§<9 

Zo 30 
[0 0 2 1] *&H«>GJNKflc<i, (a) k (k2;K 

kliffift) fflWSE3»^e»*&iaaF (xi , X2 ••• 

xk ) =Q(Dm (m(±0fc'g*riEOfi:&) ^OiSiRjjf 
(x i « " > ) £tt«1-£Xir yy<!:, (b) flffffim^ 

<DiS<M? (x i ' m ' ) \,ZO\,*X<r>f$M. (F (x ■ 

1 "" ) ) i^i^r-vft. (c) mrie^ (f 
( x i (m ■ ) ) icgovr, mt™*.<r>mm (x 1 

1 "" ) Ictti-SflSEffi (5 x i ' 0 ' ) WWt 

•yy't. (d) (m+i) &<vmm 

(x i * ™ + 1 ' ) CO^SM (F (x, 1 ■ + 1 ' ) ) £ 40 
Mu\z-fi,tztb<D^.gk^L («■ ) Sr**4Xf7^ 
fc, (e) DflEffiEtt Uxi ' 0 * ) jsiiMHfffiS*^ 

It IC&^V>T, KffiEtt (<? x i ' m • ) * 

*»4Xf7^ ±5«t (f) fl&EISflSjEffi Uxi 
"" ' ) i:So\>t, mrfS ( m + 1 ) *oiS1tUB (x i 

•" + 1 ■ ) tLxqmmi&tbzxT yzre), mm 

(a) frh (f) <r>-£i\?i\(nz.T jrf*^>\£a.-9 
[zmiZ-ZZytztbtn-fv ^ 4-flHliL^3 > tf ^ - ? 

[0022] *^©E»flEflEUfcv»-c, ffiGSflUKI* 50 
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izmm^ixtzmmy^yy-uiza, mrK (m+i) ^ 

mm (x i ■ " + 1 • ) fcHWEmifcOiSfcUS (x i 

) tit, mas (a) (f) o-e-n-rito^ 

T?y'iWJ)&LX (m+2) ^iilftlil****^^ 

[0023] *sm<7>G&mm-t3^x. mzmmj* 

(cKif$n^miffiXD^7^(c(i, lute ( a ) frb 
(f) co-eil-rn<OX f-;^SI) il LTmJie (m + 
2) 2ttf>iS<ft«*##4*7-y7 p (LI) 3>tfi 
-*tc, b#Pb1 (t) rt$ifir£-£* (L2) 

[0 0 2 4] *l6W08ESSSEffi:i5^T, liHBSE&ftfF 

•f-n-r^rttz, mrie (a) (f) o-e^-r^x 

f - -y 7i ^ > £ a - 9 IzmftZ^Z, iWWS^iiiS 
[0 0 2 5] *»WOE»«MWci3v»-C, mflfiKil^* 

Lxammm*. mi, *2<*>sa&*s-*, as 

85* 2 ©JEStd, Buffi* 1 OSaSUttffi" 4 ■« t 2 

iu mrie*2o^t-ov^T(±iuie 

(a)'*<b (f) <OW«i(7)^f 7-/?-|l1f#«; 

t*s<, mrffi* i ^mz^xmm (a) (f) 

k(DX$>Z> 0 

[0026] i&m<Df£mmm~&^x. HtrfEfe^^ 
tcie#t$n^mriexo^7Aic(i % mum 1 <o^m.t l 

tLX. fffiiffi.fe<o&mi> t X3)Zi-i2>i><nx-$>i>o 

[0027] *5kw<Dm.$mmzt5^x, wERmmt 
i ' ■ 1 ) li, una (m+ 1) *0i&tun (x i 

' + 1 ' ) KK-tzmM (dx, 1 "' ) Sr-lfnic 
•f Z> fiT-ab h^h* m-f t- 9 j^f&ffi ^iitv^^W 

[002 s] *&wmmmmz&^x, mmmm& 

tcfeiS^n^mfieXnXyAtcii, iulE^iEffi (<J x ■ 
' 0 1 ) ^$(64Xf7 7'li, ffifE»IS (F (xi 

billet 0*i6-S- t*7frf7'-91> t fam2ii.X^2>i> 
<DX'$>2> 0 

[0029] ^mmmmmza^x, mmmmt* 

\zmmZiitzmsZ7a 9'y u (Cli, «riE*^«» 

( a , ) i±, («i ) zm^x^frhntzm 

( m + 1 ) (x , • •" + 1 ' ) (ommm. 

(f (x. ' - + ' ' ) ) \z^x<n; >i<£. (2 ma) 



(7) 

11 

£ -tf o t c -f 4 fit** 4 C > £ 7^1" 7- 9 #f&3fl £ ii-c i> 
4 &C0T-*4 e 

[0 0 3 0] *§&B£coEfl&ffcUi5v>T, ituEEIi&ft 
t Sr^i'T'- ? Steffi £;h.T^ 4 *><75T-*4 C 

[0031] *^coE$Mtf£T-*oT, mrEEfiiii* 

K.&$ffl<Oft¥i}lz£ l)Sl*;n4&C0T-*4o 

[0032] ^mmzmmwxh^x, mmmmfc io 

[0 0 3 3] #§&^coEii&i*i-33^T, sSEEfSSSffc 
Ufeii^n^mfieyn 7-7 A icti, liuEW£iEia£**!> 
-SX-r-yT'li, mjR^IEftoxi ' ' 1 <D (i=0~m 

-l) (Dmazm^z^tizxox&ib&ztzm-fT' 

- 9 iP&fa $ ixX v >4 & co T* 4 o 

[0 0 3 4] *5£BJ!coEfl&ft(-i3^T, ffieiBigKtt 
Hte^$^fltfie7'n^7A(-{± > fjKMScF (xi , 
x 2 -x k ) = 0COmiEm#co;5fcUS (xi 1 n " ) * 20 
ff^t-t^x-r vflzts^x^ m=Ow<b£coi!uErn.#:co 
W&mt Lt, lajJWfitJi^lSttSii* *> c0T*4 o 

[0 0 3 5] *5&We5S^C3a<a»aTA'^'jXA*fflv» 
fc»l»§S1U±, (a) k (k25K kliggic) fflcof£& 
frbft&m&F (x. , x 2 -xi ) =0<7)m (mtiO 
*£trjE©K») ^coSMft? (x i ( "" ) ZtmirZ 

(b) ttEm^IIW (xi (m ' ) 
X<tym (F (x i ,,n> ) ) £**4^l£i:, (c) 
UiflE5*S£ (Fxi (n " ) tcftoVT, BuKm^SM 
ft? (x i ( " 1 ) iZtt-t&miEm (S x i 1 0 ' ) 30 
*>4#&i, (d) (m+1) &<T>fflm (xi 

' ™ + 1 ' ) co?$M (F (x i ' ■ + 1 ' ) ) £-tfmc 

■n>tztf><D^mm (<i ) ***4#st, ( e ) At 

iz&s^x. mmm (a Xi « m ' ) £*#43N£ 
(f) mmmmm Un "" , ) i:s^>t, 

HtfE (m+1) ^i£(ft» (xi ' " + 1 ! ) b LXU 
?m*-$.isbi>^WLtZffix.tzi><r)X~ibZo 

[oo3 6] *%w<r>&&mxmmT)\'=f>)XJ*zm^ 
tzwm&m-te^x. hue (m+i) %.<omm ( Xi 40 

+ 1 1 ) «rllWEm*<Oi£«UB (xi ' "" ) t L 
X, #JE (a) ii-h (f) W-^iifiWfSWil^I 
O&LT (m+2) *L<7)&miMi£>Z>^&. (LI) Sr 

[0 0 3 7] ^§§^<75il-^Smft¥ST^^';XA£ffl^ 
fciflfflliS1El=*SV»t\ ft5E (a) Ji>t> (f) co-Ht^t 
O^KOi6^*aii)jlLT«r8E (m+2) iX<Dj&&M& 
*A4*8 (LI) <0»^Sr^B8 (t) ZtlZfttrttZ 
(L2) fcO-C*4 0 

[0 0 3 8] *%^<0iS^i5fttft|?SrJU3''JXA£ffl^ 50 
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(c use (a) (f) (o^itm<r>^(om^n 

[0039] ^minmtt&im&Tfr^) xa^h> 
tzmmmmzn^x, mumim^M^^tmt ltco 

seft(=ov»-cii«rE (a) *»<b (f) co-nt-r^co^s 

E (a) 7>><b (f) O-tit-fft^SOWflifcfffcH*:* 
&C0T*4 C 

[0 0 4 0] *^co3i^amft?viT;u3'>jXA4-ffl^ 

fcflHJW«SK*iv>t\ HuE^lco^SSctLT, XflcCSl 
traSit4BE** f A*$ii, mfE^2co^t LT, mfE 

[0 0 4 1 ] *^coii^fiiaft|?iT^n-';XA£ffl^ 
fc«l»»«Uisv»T, buEWIM Uxi "" » ) 
i±, tuE (m+1) ^OiSftUW (Xi 1 ,n + 1 1 ) iztf 
■t&telEm. (6x ; 1 ) £-b'n(C-t4flt-C**4^C0 
T**4o 

[0 0 4 2] *HWOS^ti£ffiU!f * =T'J XA*Iv> 
fc«lffl»flH:i3v»T, HtrE^iEfil (Sxi ' 0 ' ) £* 
*4#S(±> ffTE^ ( F ( x i 1 ' ) ) U»o*<«8 

fl-*g^:4 fc(i»^es:*»< - 1 iz x *) *#>4 i> co 

T**4o 

[0043] *§&w<o&£&Mm&T )\,=fi) x&zm^ 

tzfflW&miz&^X. miE*^S5c (a i ) ti> M*^ 
M (« i ) 4-fflv^T**t>n^BuEH^IEfli (6 x i 
« -> ) (cSo*v>-c*«6«bn^:mfE (m+1) ^OiSffiK 

ft? ( x i 1 m + 1 ' ) <nmmm (f 

(xi (m + 1 1 ) ) tcov>rcoy^A (2*«) *-fe* 
n |C -f 4 fiTC* 4 t COT** 4 o 

[0 0 4 4] *|feWoa^fciSftH»aT^3'«;XAS:fflv» 
fc»J»iHSUi5v>T, «fflB*5£«» («i ) £5Ri64# 
Sli, f^Hlia 0**4<)COT-*4o 

[0 0 4 5] *§§B^<7)iI^ifilttft?ftT ;u rf U XA S-ffl v> 

<t 0S$^4 ^C0T-*4 o 

[0 0 4 6] *»Mwa&*iSftMSPi£r^3'"jXAS:fflw» 
fc«M*lfllUiiv»T, fliTE^ti, HfiE^iEffitf^^ 
gfcfcC0ffitC^Lv^C0T-*4 o 

[0 0 4 7] *&m<03£%&WMfeT )\,=f>)XA&m^ 

tzmmgtmz&^x. i»fcs»iEte&#«i>4#&<i. if 
EflfiEffi* x i ' 1 ' co ( i =o-m- 1) (omizm 

V^4 - t l,Z£ ctlftj t <7)T-*4 C 

[0 0 4 8) *8«<OS*2ffilllfii7 ^^'J tffiv> 
fc$Uffll^ElCi3V»T, HtiEP^^F (x, , x-> -x k ) 

= o mmm^<omm (x , "" • ) *»«-r4*® 
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14, m=Q<Dt£<DffisZm'k<r>mmt LT, tDfflffifr 
i><DX-<bZ c 
[0 0 4 9] 

[0050] bi i i-^i-j; o tc #maamiz%&wm 

g®l 0(4, MWPitft3 0*»J»?-4fci&e3iefi-C*o 
T, f-^A^jSCl 1 v5*W—v3>SBl 2 fc, 
Mfev 5 i U- v a >SB 1 2 fcS-triWfflfflS 1 3 Srffix 10 

[0 0 5 1] HfrfST'-^Aflg&l 1 ui±, mfieftijfwm 

(E2J ;*ftfl«lH(iT^-f-a.i-^^/^^) 3 OOftU 

^•^-^ (Sift) -C**, E*piJJ:cra8Eu<0-€- 
ix?ixo>7-9 (HftF (p, u) ) *«A*$it4o - 
E#p(4, at*i:ffSP$*L*S*T*iJ» &&u 
14, SPIIt'feic CI IEftT?**a«u 
14, SEft-C*4E*pUfiCfffi-*M(fe-e**o 
[0 0 5 2] sJffiv 5 a v- v 3 >SB 1 2 (4, mffEf- 
* AflSB 1 1 »= A*! $ itfclOTEBE* p4s4 Z/iilg u <D% 20 

[0 0 5 3] SlfffiftlJffllgB 1 3 14, mjffiE^J pi3 4 t«S£ 

u iz^rcom^Mm^m-rr- 9 ixti u mm 

[0 0 5 4] mflSv 5 jl P- v a >SB 1 2 UI4, felTtC 
^"f &X f77'^3>t:a-^ iC^f &tzft<D 7°n 30 

^7 a i*t&« sn-c 4j »> , Htirey n ^7 a k«o tire 

p J: tfSlJK u OmrfEi|xm8?* s ** e>*i& 0 
[0 0 5 5] iriev5il/-v3>gBl 2C:t&*fi£;Ji£ 
mfieyn^7A(4, 3>tfjL-^f;i4aE»»W (Co 
mputational Fluid Dynamic 
s) £fr 7tz£><Di><DX'$>2> 0 
[0 0 5 6] fcTF, mj|e7*n^7A(c^ffl^n^#x-f 

&£*!>(::, if\ %z.bKX\.*Z>7sT J-7<nmi\ 

(zo^TB12 *r#BSLTStWi-*o 11214, fg^cOXf- 40 

[0057] H2©xf7ysim 4re*Hc, iu 

KWffli'<7 * - 9 X£>Z> mWl p is 4 t>*i§K u O-Hi 
<b^£$: (IWfS/<?.x-*) utp^r*i6^>co^y£16S?W 
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[0058] 12«Xf7ysi l-Jsv^T, mrffiE^I p 
i3i0 f iieu<O-€-ii-5'awfeWU«4, (m) *«|E«$ii 
T^£ 0 ^<0 (m) (4, nv£i£fl*, -f&;b*>m[Q|g<7)35 
<ft*f**L-CV^4 e mTKft)#3filT(4, ra=0t* 

&c m=0T(4, u, piLtftt(7)W4x.f)iit^ 

<b, ;^)7D-f-t- M4x*- M-^. c ;;t\ u 

[0 0 5 9] ^IC, 7>TV-fS2\Z-o\,->XWfrtZ>o * 
[&1] 

-V" + dp 

[0 0 6 0] Xx y rs 2 U*3V^T, R P (4, 5SM£7K 
-To --T, MR. 14, ilfWi^ieHtcIEttL^F 
x i ' "" Uffl^i"*o 58Hfcl4, i£«UBfcJDOK»«)-f- 
jifji«Ft«)||, i***?*), iSfEUBx i ' " ' 

t^f (x i ( ,n ' ) <7>mt* mm* \ zm^tzF (x 

i) <7)mt<DmX'$>Zo --IT*, F (x i) =0t*ab 
<S.o 4oT, ^14, F (x i 1 1 ) (DimzmL^c 
5S^R P «g*t?*4u, p (xi ) ^J|Xm«<0i:#> 
5SMRp (Fxi ) 14-fc'nU^^o W^^x.nif, u, 

p^Jixm8?x'(4^v^ ?*mr p amhfr<Dmzt> 

[0 0 6 1] Xf '^S 2lCi5V^T, A P (4f>#fSS: 

^> (X7-y7 r 2 0*2 5*#!H) o E^O^iES (E*fl£ 
jEffi) 5 P I4, p"" 1 t^7$>Z>mJzZixtzE.jj{Zltf 

[0062] siRp (4, tewmcA, tizMmms 
--c, FSURp *fEi-^(±, mttrnR, &»u®&:<?> 
&ALU®.3:&m^x, E^«fjEflS*pS:itffii-4o 

fcLT, B*««#^»X* (Bffi) 62%6 0 4-f- 
(1 9 9 6- 1 2) . fttNo. 9 6-0 5 4 4(1, 

ftzmmmmmvnmmm-mmtmmz^x] 

im^&zttfTZ&o ?SMRp USo*^TE£{£lE{i 
5p^Utl5i-^.^, ll3T-j$-<-&X-7-7 7'S 1 

T-#^ 0 -enf>oaE»coE»ii, mm%iztoxm-%x 

$>Z>tzib. CCl-CI4SRL'5:v> 0 fit, JJtii^ixfcE 
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n-ti>Zt{Z£ I9> (m+ 1) HiO&ftiP'C-ifc* p 

[0 0 6 3] ^r y7'S3i:oi,>t^t4c * 

f-y^S 3 commits TE03B«:2lzJ:i)fEa$ii4c 
[82] 

[0 0 6 4] ^CT'li, Xf V7°S 2-eflEjE£*U:E2J 10 
p . n, + i • s-xt-xtzLTiSHu ' ■ 1 frflQEU u 

■tz>Wimm%tX'&t), xt7^s2t*e^ p • - + • > 

[0 0 6 5] ZtllzX «J iSffiUgOfifiU£*»-o±3>«-a 
T, u "" + ' ' , p ' + 1 ' <D®tmbiiZ>o & 
j=\ CiOX-r y 7*S 3T*li, E;fr p Sr^-XICjJJg u £ 

M#34*s:vM=ata:Lfca5£Ss»-c*4»^jc 20 

li, Xt^S 2tc<fc ij-tii-Tiigll'frUlttiii-Ao 
[0 0 6 6] mt,C0XT77'S2 > XT7^S3*f 
OSi-dtUi i)JRJKJB^ja^v^-cv»<o u, p**v»i* 
JRJBSIKfcofci^i::, MR. =0lc&£ o - 
aiicfci), ESIJEEffi* p = 0ic«rio EiHiEl^p 
= 0(c^o7tt§tc, -y/S 2 0^2^{ciav>T. 

p < m + 1 ) =p ( . I tf£io t y.^ ^- yrs3{ . 



£v>Tx u 



( in + I ) 



[0 0 6 7] JA±OJg7o— ^--v- h-Cli, ^><iT-t 
v\, &jb\ Xf-^S 2lCi3^T, J&ftfl&Ap fcifco 

[0 0 6 8] *H^T-li, jK»«»A P <£ *)i>ttL?>. 
S.Mmmd P i:flU:(,<o-eab5o i"4*»*>, 02 

cOT'^^o 40 
[0 0 6 9] S$<Olg7D-f+- H;«fc I48U 
KMmms p«3f***, iitUAOJR 

[0 0 7 0] E#«SIEtt* pi LTt'WJ;T^fi7)Uv^ 

[0 0 7 1] 13<0Xf77'S 1 14, E12(C^L7L-)F.7 

[0072] I3^f7ys2«rtftt, tie 

[&3] 50 



#BS 2001-175304 
16 

A p op =R„ \U ,P } 

[0 0 7 3] Xf 7/S2m 12Wf 7^S 2 t 

fc\ 130Xf 77'S2<05p " ' H20 

•yT'S 2<7><J p<0£J3t-<4 (0) ^Aotv^i^ 
jP, ;;t op'"' <7)^a6^(i, 02C7)X7 : ->7°S 
2 k|BI«-e**o ifc, EAfifjEffid P ' " 14, #f* 

[0 0 7 4] *7-v7'S3X'li. *^S5c«i Sr 

**4 0 *Seifc&« i iffli»>40^»BO«SO-o 

[0 0 7 5] *l»-e, Xf7 7'S4i:ov>T^t^„ 

[^4] 



(=0 

p (m + n =p <m} +fp (m > 



[0 0 7 6] HtExf7ys2tii > fibres: 
i»tio zn&Mmm v ' " 1 u**lt, xt7^ 

S4T*(4 > Xf 7^S 3-C-**t*iEig:« i Srfflv^T 
WKtflE^SnxT, E^W^IEfl.? p ' m ' £®2>Zt 

[0 0 7 7] -t%t>*>. ZTy7S4 0>mi&<D&m 
14, ai*Jp MI lCi5V>T, i =07}^m- 1 if 
Oiffift ©5»*-C* 4 o iEJ&jaUiOWbitfcft*. E 
*W^i5p ,ra ' t-T-So xt7yS4^2^i: 
i3v>T, ^WEftS^EfitS p ' ■ ' £p ' m 1 Uiraff 
Lt> *<3in8«**flHE$*ifcEap ' m + 1 ' fc-f 

[0 0 7 8] -^COX-r yyS 5W|*!§lt TE«tS5 

[^5] 

dp ^ 



[0 0 7 9] Xf 7yS5!:ov>tli, 0 2 y ~f 

[0 0 8 0] @3<0Xf77 p S 4 U^LfcE*f?«fEO 

[0 0 8 1 ] H2 tC/FL/cS7n-^-^- h«Xf77' 

(m+ 1 ) Xf > 7"T% ^MR » ' '" + 1 ' = 0 t tzh 
XnWm-fZZtrfT'ZMZ, (m+1) Xf7yt 
14, E*«SEfllffp = 0fcft«3, Sffil4^T (1RJR) i" 
4 (p 



" + 1 " = p 



u ) 



« 
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[0 0 8 2] W^EIxJUf, £<ft£ e II 2 OX 

f 7 7'S2T1i > i-T. ?S^R P ■ £*46, s c <?>n 
iRp ' ,n ' ESttJEfita p*ttttt4. * 

JdSLT, SJfL^iSiftttp ™ + 1 4r*ATi»4c 
(0 0 8 3] H2(Olf.7D-f + -H:J:ii|jf < jpuKfl 

$ntv>iv> 0 -?-it*{«fELT%MRp = 0 
j&i-e^iilf, E^WfiEfitd p = 0ic«r*3j»f>, JR3MIU 10 
44 (p ' ,n + 1 ' = P ' " 



u '" + 1 = u 



) 



[0 0 8 4] ^iRp ibtiztmtx*)* 

AfcEAflHEtt -toss state p ' ■ Ktraa 

te<? pZmiELX&mXX^ (Cl^jESftfcEfcf^IE 
(f, SSM<j{cii, ^;u-C-fi?*J|3im$Hi-*^t 
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